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Interface Wave Source Concepts for a Seismo-Acoustic Sonar 
Frederick E. Gaghan, Steven R. Baker and Thomas G. Muir 
Department of Physics, Naval Postgraduate School, Monterey, California 93943-5000 
Abstract: A seismo-acoustic sonar concept is being developed which uses guided interface (Rayleigh or Scholte) 
waves to detect naval and land mines buried in beach or sea floor sediments. The characteristics exhibited by these 
waves which make them suitable for such an application are that (I) they are the most significant disturbance along a 
boundary, being localized within a layer proportional to the wavelength, and (2) the propagation from a compact 
source is cylindrical. As a result, the wave intensity on targets of interest is enhanced and the reverberation is 
suppressed, compared to a bulk wave. To selectively excite Rayleigh or Scholte waves, a harmonic source employed at 
the interface must excite elliptical particle motion in a vertical plane containing the direction of propagation. Several 
source concepts are being investigated. The results to date offield tests will be described. 
BACKGROUND 
When a solid has a free surface, or when there is an interface boundary between two media or between layers of 
a single medium, surface waves are normally present. Rayleigh waves (1) occur at the planar interface between a 
semi-infinite elastic half-space and a gas. Scholte waves (2) occur at the interface between a liquid and an elastic 
half-space. Both types of waves induce particle motion that is normally retrograde-elliptical in nature, with the 
major axis perpendicular to the boundary and the minor axis parallel to the direction of propagation. The eccentricity 
of the ellipse depends on the Poisson's ratio for the elastic medium. 
Muir et. al. (3) have previously demonstrated the feasibility of the seismo-acoustic sonar concept using a source, 
which was capable of exciting only vertical motion. Such a source generates the desired interface wave, but also 
undesired bulk p- and s-waves. In their experiments, Muir et. al. were able to satisfactorily localize a buried target 
only by coherently subtracting the reverberant background field in the absence of the target from the field with the 
target present. As this is not feasible in an operationally-fielded system, source concepts have begun to be explored 
that can selectively excite the desired interface wave. We refer to this as discrete mode excitation. 
DISCRETE MODE SOURCE CONCEPTS 
Figures I and 2 show two interface-wave source concepts. One consists of two independent, orthogonal linear 
actuators (4). The second consists of two independent, orthogonal moving-magnet inertial shakers (4). The actuators 
and shakers are oriented so as to produce motion in a vertical plane. Forces developed by these sources are applied 
to the earth through a foot pad. In principle, any form of two-dimensional oscillatory motion may be generated by 
suitably driving either the actuators or the shakers, within their limitations. The remainder of this paper will present 
results of some field tests conducted to date with the shaker source. 
Figure 2. Inertial shaker source concept. 
Figure 1. Linear actuator source concept. 
EXPERIMENT AL RESULTS 
A stretch of wet sand beach along the Monterey Bay coastline was chosen to test the shaker source. For most 
experiments, the shakers were driven with a 50-volt peak, 20-cycle, lOa-Hz, narrow-band-filtered tone burst, 
selectively either + or - 90 degrees out of phase with each other. The time between pulses was 5 s. A tri-axial 
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accelerometer mounted on the foot was used to monitor source motion. Ground motion was measured using a pair of 
3-axis seismometers spaced 4.57 m (15 ft) apart in the desired direction of propagation, i.e., in the plane of source 
motion. The separation between the source and the nearest seismometer was varied from 9.14 m (30 ft) to 27.43 m 
(90 ft). 
Figure 3 shows an aggregate display of the source vertical acceleration (lowest trace) and the seismometer 
vertical velocity versus time at ranges from 9.14 m (30 ft) to 27.43 m (90 ft), recorded during several experiments. 
Each seismometer trace has been normalized by source vertical acceleration. The behavior of the velocity amplitude 
with range should not be considered indicative of what would be observed for an array of five seismometers 
receiving a single ping, as site conditions probably changed during the course of the experiments (During the 
measurements period, the narrow exposed beach was encroached upon by a rising tide). The Rayleigh wave is 
clearly visible as the large amplitude wave train in each trace. The extracted phase velocity is approximately 89 mls 
(line in Figure 3), which agrees very well with that observed during site-characterization tests conducted with an 
impulsive vertical motion source prior to the shaker tests. Figure 4 displays in the form of a hodogram the particle 
motion observed at the source and seismometers during the time period of the Rayleigh wave train. The elliptical 
motion is evident. From the observed eccentricities, we estimate a Poisson's ratio of approximately 0.35± 0.05. For 
comparison, reference (5) reports a value of approximately 0.25 for the Poisson's ratio for fine sand. Efforts to 
quantify the fraction of source radiated energy in the form of Rayleigh waves are in progress. 
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FIGURE 3. Rayleigh wave progression as a function of space 
and time. 
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FIGURE 4. Induced particle 
motion. 
The goal of our source designs is the selective excitation of the Rayleigh wave. At the time of this writing, 
experiments have not yet been conducted in which the source motion is optimally controlled. Based on a Poisson's 
ratio of 0.35, it is calculated that a relative phase difference between the two shakers of 64.5 degrees should provide 
the desired particle motion at the source for selective excitation of the Rayleigh wave. Further tests are presently 
being conducted. 
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